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Knowing the actual behavior of readers will help us understand how near work influences a reader’s eyes,
comfort, reading efficiency, pleasure, and the ability to learn to read. We designed a methodology for
reading behavior research, and investigated the reading behavior of emmetropic schoolchildren in China
and factors that influence their reading. Children from grades 2 through 5 read text in an armchair, at a
desk, and when reading and writing at the desk with three different font sizes. Their preferred reading
distance was very near to the eyes, averaging 28.5 ± 6.4 cm in the armchair, 25.4 ± 6.6 cm at the desk
and 20.6 ± 6.5 cm in the reading/writing task, and was always slightly closer for the smallest font. Second
grade children averaged just a 16.3 ± 4.1 cm reading distance in the reading/writing task. Head tilt and
angle of gaze were altered by reading condition and font size. Reading speed was fastest at the desk
and for those with longer reading distances and, surprisingly, for the smallest font size. Reading behavior
is not a fixed entity but differs with grade level and reading condition. This suggests that reading behavior
can be altered through better ergonomics and text design which may reduce myopia, aesthenopia, and
binocular anomalies and help children read better.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Reading posture can affect the pleasure and effectiveness of
reading as well as retinal image quality, convergence and accom-
modation demands, and binocular comfort during reading (Schei-
man & Wick, 2008; Schor & Cuifredda, 1983). Through these
factors, it may also influence how readily a child learns to read.
Some investigators also consider reading behavior an important
factor in the development of myopia (Gwiazda, Thorn, & Held,
2005; Gwiazda et al., 1995; Ip et al., 2008) and in promoting dry
eye (Miljanovic´ et al., 2007; Sheedy, Hayes, & Engle, 2003). Eye care
practitioners ascribe several other patient problems to excessive or
inappropriate near work and have numerous sensory and motor
tests to quantify different aspects of near vision (Scheiman &Wick,
2008). Yet some of the most basic parameters in these tests have
no empirical support.
The parameters most relevant to a child’s near work clinical
examination should reflect how children actually look at a page
of text while they are reading. There is almost no ophthalmic liter-
ature addressing this problem other than a few abstracts from re-
cent meetings. Researchers have demonstrated that the nearworking distance is shorter than is normally assumed by eye care
practitioners (Chiu, Rosenfield, & Solan, 1994; Drobe et al., 2008).
Young adults read at about the optometric near distance (40 cm)
when reading in an armchair but when reading at a desk they read
at a much closer distance of about 30 cm (Hartwig et al., 2011a,
2011b; Hill, Han, & Thorn, 2005). In both settings, these subjects
assume a wide variety of head postures and gaze angles. Harb,
Thorn, and Troilo (2006) showed that young adults have highly
variable accommodative lags when reading and often glance away
from near text. Children’s reading distances have been shown to be
even closer (Haro, Poulain, & Drobe, 2000; Sampedro, Montalt, &
Alemany, 1997). When Japanese adolescents read and write at a
desk their reading distance is less than 30 cm and accompanied
by a sharp downward head turn (Marumoto et al., 1998). Yet near
work testing is performed clinically at standard reading distances
and angle (straight ahead with head upright at either a 33 cm or
40 cm distance) without regard to how people actually read in dai-
ly life. Knowing the actual behavior of readers may be crucial to
understanding how near work influences a reader’s eyes, comfort,
reading efficiency, and pleasure.
The present study is designed to examine the reading ergonom-
ics of emmetropic Chinese schoolchildren from the 2nd to 5th
grades under different reading conditions to establish a methodol-
ogy for reading behavior research and to understand how children
behave when they are reading. We hope this work will have imme-
diate educational and public health benefits and that it will lead to
a redesign of ophthalmic tests where appropriate.
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2.1. Subjects
A total of 59 children, 31 boys and 28 girls (age range, 7–12 yrs;
mean age, 9.05 yrs) participated in the study. Each child was
emmetropic with a spherical equivalent refractive error between
+0.50 D and 0.50 D in both eyes, and astigmatism 60.50 D as
measured by noncycloplegic subjective refraction. Monocular
uncorrected distance visual acuity was P20/20 in each case. Chil-
dren were in grades 2, 3, 4 and 5 at two elementary schools in
Wenzhou, China. The two schools have equivalent curricula and
teaching styles at each grade. Informed consent was obtained from
all subjects and their accompanying parents or guardians after the
nature and possible consequences of the study had been fully ex-
plained. The study was approved by the ethics committee of the
Wenzhou Medical College and followed the tenets of the Declara-
tion of Helsinki. Eligibility criteria included: no strabismus and
no history of ocular pathology, trauma, or surgery.
We excluded the children in grade 1 because their reading abil-
ity is very limited and their books are very different. Their books
are in Chinese characters below which is a phonetic language using
a western alphabet called Pinyin. They first learn to read phoneti-
cally and then are shifted to Chinese characters so the reading task
in 1st grade is totally different from older students. We also did not
include the children in grade 6 because reading ability is starting to
asymptote and the proportion of myopic children is increasing rap-
idly as emmetropic children are being turned into myopes.2.2. Procedures
Two experienced optometrists performed the eye examinations
which included case history, visual acuity, cover test, subjective
refraction, slit-lamp examination, and near phoria testing using
the modified Thorington test (Lyon, Goss, & Horner, 2005) on each
subject. And the test was performed at a closer distance of 33 cm.
Since working distance may depend on the size of the child, we
measured height and the Harmon distance (distance from the el-
bow to the hand) of each child. Basic epidemiological and biomet-
ric characteristics are described in Table 1. As expected, height and
Harmon’s distance increased significantly with grade (P < 0.001).
There were no significant gender differences for age, height, Har-
mon distance, or near phoria (P > 0.1). Therefore, the data for boys
and girls are combined in the results. The percentage of near exo-
phoria, orthophoria and esophoria were 47.50%, 37.20% and
15.30%, respectively.Table 1
Relationship of school grade and gender to epidemiological and biometric measures.
Grade Gender Number Age (yrs)
2 Boys 9 7.3 ± 0.5
Girls 7 7.6 ± 0.5
Total 16 7.4 ± 0.5
3 Boys 7 8.4 ± 0.5
Girls 7 8.3 ± 0.8
Total 14 8.4 ± 0.6
4 Boys 7 10.0 ± 0.6
Girls 8 9.8 ± 0.7
Total 15 9.9 ± 0.6
5 Boys 7 10.9 ± 0.7
Girls 7 10.6 ± 0.5
Total 14 10.7 ± 0.6
a A positive phoria is ‘‘eso” and a negative phoria is ‘‘exo.”Prior to reading, each child had an 8 mm strip of stiff cloth at-
tached vertically to the left side of the face while the child held
the head upright and looked straight ahead. The purpose of the
strip is to easily calibrate the upright head position as a baseline
for measurements of reading distance and angle.
The child then read under three different reading conditions in
the following sequence:
a. A relaxed setting in a comfortable armchair without a desk
or table.
b. A school reading setting in a chair at a desk like those used in
regular school classes.
c. A school reading/writing condition in a chair at a desk like
that in the above condition. But the child was also instructed
to mark three Chinese characters, ‘‘的, 地, 得” which
appeared at random in the text.
We will refer to these conditions as ‘‘read in armchair,” ‘‘read at
desk,” and ‘‘read/write at desk” throughout the text. The desk and
chair heights (73.2 and 43.7 cm, respectively) were held constant
for all grades and were very similar to those used for students
across grades in the local elementary schools.
In each reading condition, children were asked to silently read
grade-appropriate Chinese stories using three different font sizes
(9, 12 and 14 pt) in the Chinese Song font. The texts with different
font sizes were provided in a random sequence. Children read each
assignment for 3 min. After the first 30 s of reading, they were pho-
tographed from the left side with a digital camera at 10-s sampling
intervals. Each sample was imported into ImageJ software where
reading distances and head tilt angles were determined using
macros written for this project. Ten photographs were randomly
chosen, and the mean value of each parameter was used for data
analysis. Reading parameters were as follows:
1. Reading distance: distance from the left eye to the midpoint of
the page (Fig. 1: line AB).
2. Head tilt angle: forward downward angle of the head relative to
a vertical upright position of the head (Fig. 1: angle a).
3. Eye gaze angle: vertical eye gaze angle of the eyes relative to the
head (Fig. 1: angle b).
Reading was silent in our study. Children read each assignment
for 3 min. The first character and the last character read were
marked, and then the number of characters read in 3 min was
counted and recorded. Reading speed was calculated as characters
read per minute.Height (cm) Harmon (cm) Phoria Da
125.8 ± 4.8 18.2 ± 1.4 0.9 ± 3.9
128.0 ± 11.0 19.1 ± 1.8 2.0 ± 3.9
126.8 ± 7.9 18.6 ± 1.6 1.4 ± 3.8
133.1 ± 5.1 20.4 ± 1.5 2.1 ± 2.3
130.7 ± 4.4 19.9 ± 1.8 2.1 ± 2.3
131.9 ± 4.7 20.2 ± 1.6 2.1 ± 2.2
138.7 ± 5.3 21.1 ± 1.4 1.0 ± 3.1
137.9 ± 5.7 20.8 ± 1.2 1.4 ± 4.3
138.3 ± 5.4 20.9 ± 1.3 1.2 ± 3.7
143.0 ± 10.1 21.6 ± 3.0 3.0 ± 3.1
149.8 ± 6.3 22.0 ± 1.4 1.1 ± 4.9
146.4 ± 8.8 21.8 ± 2.3 2.1 ± 4.0
Fig. 1. Measurement of reading parameters. Reading distance: line AB; angle of
head tilt: angle a; angle of eye gaze: angle b.
Fig. 2. Reading distance for each grade in the three reading conditions. Error bars
represent ±1.0 standard deviation in this and the following figures.
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the mean differences between grade levels, reading settings and
font sizes. One-way ANOVAs were used to compare the means of
basic epidemiological and characteristics, such as height, Harmon
distance for each grade. Pearson correlations were used to deter-
mine the strength of the relationship between different reading
parameters. SPSS 13.0 statistics software was used for all analyses.
P < 0.05 was considered to be significant.
Since a child’s size is expected to influence reading distance, we
have also normalized the reading distance data for forearm length
(the Harmon distance) of each child (Harmon, 1958) to determine
if reading distance increases with grade level are simply due to a
child’s size. Normalized or relative reading distance (Drobe, Seow,
& Tang, 2007) was calculated as:
Relative reading distance ¼ Reading distance=Harmon distance
After each 3-min session, we asked the subjects several ques-
tions about the text passage that they had just read in order to con-
firm that they had truly read and comprehended the material.3. Results
3.1. Reading distance
3.1.1. Reading condition
Mean reading distances were 28.5 ± 6.4 cm (relaxed setting),
25.4 ± 6.6 cm (desk and chair) and 20.6 ± 6.5 cm (reading/writing)
(Table 2). Overall, reading distance differed significantly for theTable 2
Reading distance for each grade in the three reading conditions (cm).
Read in armchair Read at desk Read/write at desk
Grade 2 26.8 ± 6.2
(13.4–33.2)
20.4 ± 5.0
(10.3–29.2)
16.3 ± 4.1
(10.1–22.2)
Grade 3 25.5 ± 4.8
(14.1–33.1)
23.7 ± 4.2
(15.7–30.0)
18.9 ± 5.3
(10.8–27.0)
Grade 4 30.0 ± 6.8
(17.3–43.8)
26.8 ± 4.6
(17.3–33.1)
22.1 ± 5.2
(14.0–29.5)
Grade 5 32.0 ± 5.8
(23.0–47.2)
31.4 ± 7.0
(18.1–43.5)
25.8 ± 7.0
(15.1–41.4)
Mean 28.5 ± 6.4
(13.4–47.2)
25.4 ± 6.6
(10.3–43.5)
20.6 ± 6.5
(10.1–41.4)three conditions (P < 0.001), and between each pair of conditions
(P < 0.001). Reading distance was shorter in the early grades when
the children sat at a desk rather than in the armchair. Reading dis-
tance changed most obviously with grade level when the children
read at a desk (P < 0.001). When the children sitting at a desk per-
formed the intermittent writing task, mean reading distance also
decreased significantly at each lower grade level (P < 0.001)
(Fig. 2).3.1.2. Grade Level
Reading distance increased with grade level for the three read-
ing conditions and the three font sizes (P < 0.001). In most cases
there were significant increases from one grade to the next
(P < 0.05) (Tables 2 and 3). Reading distance increased most obvi-
ously with grade level when the children read at a desk
(P < 0.001). When the task required intermittent writing, reading
distance decreased by about 20% at each grade level. The difference
in linear distance between reading at the desk and reading/writing
at the desk was greater for the upper grades. But on a proportional
or dioptric basis the difference was slightly less. The trend in read-
ing distance was the same for the armchair condition but the in-
crease in reading distance with grade level was not as consistent
or as large.3.1.3. Font size
The overall effect of font size on reading distance was statisti-
cally significant (P = 0.004). For each grade level, reading distance
tended to be shorter for smaller font sizes regardless of the situa-
tion (Table 3, Fig. 3). Among the three font sizes, there were signif-
icant differences between 9 pt and 12 pt (P = 0.03) and between
9 pt and 14 pt materials (P < 0.001).
Although reading distance for different font sizes was statisti-
cally significant in terms of both linear and dioptric distance, its ef-
fect was small. Readers do not adjust their reading distance to
maintain a constant visual angle size for the letters. Instead, the
decrease in reading distance from 14 pt to 12 pt text was only 4%
and to 9 pt text was only 7% compared to a 14% and 36% decrease
in the visual angle of the 12 pt and 9 pt font sizes.
Table 3
Reading distance for different font sizes in each grade and setting.
Read in armchair (cm) Read at desk (cm) Read/write (cm)
Fonts 9 12 14 9 12 14 9 12 14
Grade 2 25.3 ± 5.8 26.4 ± 6.0 28.7 ± 6.7 19.1 ± 5.1 20.1 ± 4.5 22.1 ± 5.1 15.0 ± 4.2 16.7 ± 3.8 17.2 ± 4.1
Grade 3 23.2 ± 4.3 25.8 ± 4.5 27.5 ± 5.0 22.1 ± 4.2 23.8 ± 4.2 25.2 ± 4.0 18.2 ± 5.2 19.7 ± 5.4 18.9 ± 5.7
Grade 4 28.6 ± 6.7 30.3 ± 6.5 31.2 ± 7.2 26.4 ± 4.2 26.9 ± 4.7 27.1 ± 5.0 21.3 ± 5.4 22.6 ± 5.4 22.4 ± 5.2
Grade 5 31.8 ± 6.1 32.8 ± 6.0 31.4 ± 5.8 31.1 ± 8.0 31.4 ± 7.5 31.5 ± 5.7 24.8 ± 6.5 25.8 ± 7.5 26.8 ± 7.4
Mean 27.2 ± 6.5 28.8 ± 6.3 29.7 ± 6.3 24.5 ± 7.1 25.4 ± 6.7 26.3 ± 6.0 19.7 ± 6.4 20.0 ± 6.5 21.2 ± 6.7
Fig. 3. Reading distance for the three font sizes in the three reading conditions.
Fig. 4. Angle of head tilt in degrees for each grade in the three conditions.
Table 5
Head tilt for each grade in the three conditions (in degrees).
Read in armchair Read at desk Read/write
Grade 2 34.2 ± 12.6 28.8 ± 10.6 38.6 ± 11.8
Grade 3 29.2 ± 15.3 26.3 ± 12.8 40.9 ± 14.0
Grade 4 28.8 ± 12.7 29.9 ± 8.5 43.0 ± 9.8
Grade 5 26.1 ± 12.0 29.4 ± 9.0 43.2 ± 11.2
Mean 29.7 ± 13.4 28.6 ± 10.3 41.3 ± 11.8
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Reading distance normalized for the Harmon distance is shown
for each grade and condition in Table 4. Reading distance differ-
ences were reduced by normalization but overall it still differed
among grades (P < 0.001). The effect of grade level on reading dis-
tance was eliminated for the relaxed armchair setting. It was re-
duced by about 40% for the two tasks in which the children sat
at the desk.3.2. Head tilt angle
When children performed the writing task, the angle that the
head tilted forward was significantly greater than in the other con-
ditions. Overall, head tilt differed among the three conditions
(P < 0.001), specifically between read/write and both read in arm-
chair (P < 0.001) and read at desk (P < 0.001). There was no overall
difference between reading in the armchair and reading at the desk
(P = 0.45) (Fig. 4 and Table 5). Head tilt decreased with grade when
reading in the armchair (P = 0.005) and increased in the read/write
task (P = 0.042) while being unaffected by grade level in the read-Table 4
Reading distance normalized for Harmon distance for each grade in the three
conditions.
Read in armchair Read at desk Read/write
Grade 2 1.46 ± 0.36 1.10 ± 0.28 0.88 ± 0.22
Grade 3 1.26 ± 0.22 1.18 ± 0.22 0.94 ± 0.26
Grade 4 1.44 ± 0.34 1.29 ± 0.26 1.07 ± 0.29
Grade 5 1.48 ± 0.28 1.45 ± 0.35 1.20 ± 0.37
Mean 1.41 ± 0.32 1.25 ± 0.31 1.02 ± 0.31ing at desk condition. Thus, grade level did not have an overall ef-
fect on head tilt (P = 0.56). However, the interaction between
grades and reading settings was significant (P = 0.018).
There was a small but statistically significant effect of font size
on head tilt (P = 0.035), with the head tilted slightly further for-
ward (about 2) for the smallest font size.
3.3. Angle of eye gaze
Eye gaze angle differed significantly among the reading condi-
tions (P < 0.001) with a smaller down gaze angle in the read/write
condition than either reading in the armchair (P < 0.001) or at the
desk (P < 0.001). Moreover, in the read/write condition the eye
gaze angle decreased slightly with grade level (Table 6).
Font size had a very small but statistically significant effect on
the angle of eye gaze (P = 0.049), with the smallest eye gaze angle
for the smallest font size.
3.4. Book and body angle
We found that the average forward tile angle of the children
was 20 while reading at the desk. 22% of the children sat almost
Table 6
Angle of eye gaze for each grade in the three reading conditions (in degrees).
Read in armchair Read at desk Read/write
Grade 2 25.4 ± 11.4 30.1 ± 9.8 24.7 ± 8.5
Grade 3 26.7 ± 11.7 26.6 ± 13.6 23.3 ± 10.7
Grade 4 28.3 ± 8.4 29.9 ± 9.0 21.8 ± 6.8
Grade 5 27.0 ± 8.9 26.7 ± 9.2 20.5 ± 9.6
Mean 26.8 ± 10.2 28.4 ± 10.6 22.6 ± 9.0
Table 7
How reading material is held during reading.
Grade Amount Total # holding reading
material upward
Total # holding reading
material upward full time
2 16 5 (31%) 1 (6.3%)
3 14 11 (79%) 4 (28.6%)
4 15 2 (13%) 2 (13.3%)
5 14 2 (14%) 2 (14.3%)
Total 59 20 (34%) 9 (15.3%)
Fig. 5. Reading speed in characters per minute for each grade in two reading
conditions.
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(10 < angle 6 20), and 35% children sat a little further forward
(20 < angle 6 30), while a greater forward tilt angle of the body
was rare (17%). The body tilt angle is not related to grade (P = 0.22).
Overall 34% of the children held their book upright on the desk
either part of the time (19%) or full-time (15%). In some cases the
book was held upright vertically but in most cases it was at a lesser
angle. There is a trend for the younger children to lift their books
more often than the older children but this trend was only for book
lifting. A x2 test showed significant differences between grades for
the number of children who lifted their books up from the desk
(P = 0.003) but not those who lifted their books full-time
(P = 0.72). See Table 7.
3.5. Reading speed
Children showed considerable individual variation in reading
speed, as measured in characters read per minute. In general, read-
ing speed increased with grade level, especially when reading at
the desk (P < 0.001) (Table 8 and Fig. 5). Reading speed was slightly
faster when reading at the desk than in the armchair, but this dif-
ference reached only marginal significance (P = 0.052). Even
though there was no overall significant difference in reading speed
for different font sizes, subjects read slightly more rapidly when
reading 9 pt font than 14 pt font (P = 0.049). Note that in the fifth
grade two subjects appeared to scan the 9 pt text and one scanned
the 12 pt text, achieving very high reading speeds. In the statistical
analysis we have adjusted these outliers to 1000 characters per
minute, which is still faster than any of the other children. We
did not consider reading speed in the read/write condition because
it was confounded by the time it took to mark the three Chinese
characters ‘‘的,地,得” a task that altered reading speed very differ-
ently for different children.
3.6. Correlations between parameters
Because the three reading conditions may induce different com-
binations of reading distance, head tilt, and eye gaze, we performed
correlations among these parameters in each of the three condi-
tions. In addition, we correlated these parameters with reading
speed.
When reading in the armchair, there was no correlation be-
tween reading distance and the other three parameters. Each child
had his/her own individual manner of reading in the armchair.
Head tilt and eye gaze position were negatively correlated witheach other (r = 0.57, P < 0.001) although eye gaze position varied
relatively little between subjects in this and the other reading
conditions.
When reading at a desk and in the read/write task, a child was
far more constrained so the child’s reading position was largely
determined by the position of the eyes relative to the desktop.
Thus, the various parameters showed clear but modest correlations
with each other in these conditions. When reading at the desk,
reading distance and head tilt were negatively correlated because
the head tended to tilt further forward as the book was held closer
to the eyes and the body (r = 0.37, P < 0.001) but reading distance
was not correlated with angle of eye gaze (r = 0.001; P = 0.99).
However, there was a negative correlation between head tilt and
eye gaze angle (r = 0.38, P < 0.001). Reading distance was weakly
correlated with reading speed (r = 0.30, P < 0.001) but head and eye
tilts were not.
In the read/write task, a negative correlation was again found
between reading distance and the angle of head tilt (r = 0.38,
P < 0.001) but not with eye gaze position (r = 0.055, P = 0.47). There
was a strong negative correlation between head tilt and eye gaze
angle (r = 0.69, P < 0.001).
Overall, the Harmon distance was modestly correlated with
reading distance (r = 0.24, P = 0.001). This correlation was
r = 0.18, P = 0.017 when reading in the armchair, r = 0.34,
P < 0.001 when reading at the desk, and r = 0.28, P < 0.001 in the
read/write task.4. Discussion
Our results present an array of measurements and statistics that
may seem confusing. In fact, they present a simple picture of chil-
dren’s reading behavior that might best be understood by looking
at Fig. 6.
In the relaxed armchair setting seen on the left, the child sits up
and slightly back. He holds the book in his lap although in some
cases it is held up higher and further forward when in this position.
The head tilts forward a relatively small amount so the child can
comfortably read with his usual downward eye gaze position.
Table 8
Reading speed in characters per minute as a function of grade and reading condition.
Read in armchair Read at desk
Size 9 pt 12 pt 14 pt Mean 9 pt 12 pt 14 pt Mean
Grade 2 159 ± 43 139 ± 50 148 ± 69 149 ± 55 176 ± 47 159 ± 53 153 ± 63 163 ± 54
Grade 3 322 ± 220 307 ± 163 277 ± 134 302 ± 173 332 ± 158 298 ± 121 307 ± 136 313 ± 137
Grade 4 298 ± 140 288 ± 140 272 ± 127 286 ± 133 335 ± 153 317 ± 139 308 ± 120 320 ± 136
Grade 5 453 ± 244 400 ± 193 410 ± 223 421 ± 217 532 ± 286 487 ± 267 455 ± 216 492 ± 254
Mean 303 ± 202 279 ± 170 272 ± 171 285 ± 181 338 ± 216 310 ± 196 301 ± 177 316 ± 197
Fig. 6. One subject reading in the three reading conditions. From left to right: in an armchair, at a school desk, and reading and writing at a desk.
48 Y. Wang et al. / Vision Research 86 (2013) 43–51When the desk is provided as in the center picture, the book is
automatically placed closer to the face because of the height of the
desk. The child then leans into the desk so his head is tilted further
forward. As the head tilts further forward, the reading distance de-
creases but the usual eye gaze position is maintained.
When the child is asked to write as well as read as in the picture
on the right, he tilts his head and shoulder even further into the
writing task and then maintains this closer distance during much
of the reading time. The head may be tilted so far forward that
he must elevate the eye gaze position slightly to counteract the
head tilt.4.1. Simulation of a normal environment
Our experiment was performed in the reading laboratory where
the lighting conditions and everything else were carefully con-
trolled, e.g., the intensity of illumination for reading materials
was at 253 lx (248–260 lx). The experiment was designed to simu-
late the three reading conditions most frequently used by school-
children. These conditions were actually designed to simulate the
reading positions commonly found in America. The Chinese chil-
dren seemed uncomfortable and sometimes surprised to be asked
to read in an armchair rather than at a desk or table. A follow-up
questionnaire to the children’s parents indicated that the children
almost never sat in a chair to read like this but were accustomed to
reading at a desk or table. The children have so much homework
and tutoring after school that they spend most of their time at a
desk doing this work. Perhaps this reading environment is rein-
forced by the school or the parents insisting they read at a table
or desk. Nevertheless the children fall automatically into the habit
of reading at a desk or table at school and at home. Thus, our use of
the term ‘‘relaxed” for the armchair may be a misnomer for the
Chinese children. The two settings most relevant to the Chinese
children’s actual habits are reading at a desk or table and reading
and writing at a desk or table. This means that the youngest Chi-
nese schoolchildren in second and third grade read at very close
distances, generally between 15 and 25 cm, primarily because of
their smaller size relative to the heights of the desk and chair.The Chinese have been accustomed to using Chinese Song font
more than one thousand years. Song font is the most popular font
for books and newspapers in China. We used font sizes that are
most widely used for elementary schoolchildren. The 12 pt and
14 pt font sizes are standard for textbooks in elementary school,
although by 5th grade the children would start to see 9 pt font.
And 9 pt font size is used for most newspapers in China. The 9 pt
font was also used to examine how a significantly smaller font size
than the students normally use might alter normal reading behav-
ior. We were surprised that the children read faster with the small-
est font. The children did bring the 9 pt text closer to the eyes but
this compensated only slightly for the actual difference in text size
on the retina. The very modest distance compensation for font size
may be due to the fact that all the font sizes at the children’s usual
reading distance are within the children’s visual reserve (more
than 3 or 4 times visual acuity letter size). Thus there is little incen-
tive for the children to move closer for the small font and they stay
near their habitual reading distance.
Reading distance is highly dependent on the combination of the
child’s height relative to the desk and his/her forward thrust to-
ward the book.
4.2. Reading distance
In China, the traditional near point for ophthalmic examinations
is 33 cm. In America the distance is even greater, 40 cm. The pres-
ent study demonstrated that the reading distance for primary
school students was significantly closer, especially in the read-
ing/writing condition where the mean reading distance was less
than 21 cm.
The different reading conditions have been shown to greatly
influence reading distance. The geometry of the relaxed armchair
setting allowed for the longest viewing distances, which were
roughly determined by the size of the child. This is demonstrated
by the fact that reading distance and Harmon distance are corre-
lated, the longer the Harmon distance, the greater the reading dis-
tance. For the armchair condition, the reading distance
normalization by the Harmon distance eliminated the increase in
reading distance that occurred at higher grade levels. During the
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like to put their hands on the arms of the chair or on their thighs,
which requires that they tilt their heads forward and look down-
ward. Fourth and fifth grade children in the armchair usually kept
their heads tilted higher, regulating the position of the reading
materials by raising them in their hands. Therefore, the manner
of reading plays an important role in reading distance. Neverthe-
less, reading distance was regulated primarily by the size of the
child relative to desk height in this setting.
The two behaviors that helped the child control reading dis-
tance in the desk setting are that many children lean foreword to-
ward the book and many lift the book. The tilt angles of the body
vary greatly between vertical and more than a 30 forward thrust
of the body. This alters the dynamics of head and eye turns and
their relationship to reading distance.
Many children lift the book so it sits on the desk vertically or
at least in a raised position which further changes the dynamics
of reading posture. The younger children tend to lift the book up-
ward more than the older children. This may be because the sur-
face of the desk is so high relative to their eyes that their faces
would be uncomfortably close to the book if they simply leaned
foreword and looked down. By lifting the book upright they are
better able to maintain a distance from the text. When reading
and writing together they must use both hands. Thus the book
is laid flat on the desk and they lean in closer to the text. In
the simple reading task most of the children (16 of 30) in 2nd
and 3rd grade alternate between laying the book on the desk
and holding it upright. In grades 4 and 6, the few children who
continue to hold the book tend do it constantly as if they have
established this as a habit.
The constraint of the desk induces shorter reading distances in
both the reading and the reading/writing tasks. The book is placed
on the desk so that the main determiner of reading distance is the
height difference between the desk surface and the child’s eyes.
Thus the Harmon distance continues to be correlated with the
reading distance as a surrogate for height. The other two factors
that influence reading distance in the desk setting is that many
children lean forward toward the book and many children hold
the book upward, which totally changes the dynamics of the read-
ing situation. It is unfortunate that the same desk height is used for
all grades in elementary school. A more comfortable and perhaps
more healthy desk height could be provided by lowering the desk
top or raising the seat level for second grade children. Japan has a
recommended standard for desk height. After setting chair height
at 44 cm, the desk height is recommended to equal sitting
height/3 + leg length (Marumoto et al., 1998). China also has a na-
tional standard for desk height and chair height in high school and
primary school (GB/T3976-2002) but it has not been implemented.
Both Japan and China have high amounts of myopia and the imple-
mentation of their desk height standards might reduce their myo-
pia epidemic.
Reading distance was shortest in the reading/writing task,
which shows that reading distance is not just associated with the
geometry of the desk relative to the child. It is also associated with
the character and intensity of the near work task. In the more com-
plex task, the subjects are required to find appropriate Chinese
characters. They must pay attention simultaneously to both the
meaning of the text and hunt for the imbedded characters. Either
the increased attention or the mechanics of writing or the combi-
nation of the two force the head and shoulders further forward and
down toward the book page. When we watched the children per-
form the reading/writing task, leaning so far forward into the page
appeared to be mechanically disruptive to the task of writing. The
pen often flitted against the face. Thus, we think that the leaning
forward behavior is in response to intense attentional demand
and may actually be counterproductive to the mechanics of writ-ing. In normal life, even college students often lean down so that
their eyes are within 20 cm of the page during examinations.
4.3. Font size
Children and adults like to use their habitual posture to read
their most common text materials. However, they adjust that pos-
ture for the reading setting and task and they also adjust slightly
for different font sizes. In each condition they hold text closer with
decreasing font size. But this adjustment compensates for only
about 25% of the font size difference. Thus, it appears to be a per-
functory adjustment that does little to maintain the text at a con-
sistent retinal image size. Combined with the fact that reading
distance adjusts significantly to the reading setting, this suggests
that there is no intrinsic drive by the visual system to maintain a
specific retinal image text size (Oruc & Landry, 2009; Solomon &
Pelli, 1994). The visual system must use relative size and position
of text details rather than any prespecified set of channels. Comfort
and familiarity of reading posture are far more important deter-
miners of reading distance and posture.
In the school setting, the distance from the text to the eye is
constrained by the height of the desk so children control reading
distance primarily by leaning forward and modulating head tilt.
Small children are more restricted in their ability to adjust. Thus,
the angle of the head tilt for 9 pt text is slightly greater than for
14 pt text.
4.4. Head tilt and eye gaze position
In the armchair, head tilt decreased in the higher grades as
more children picked up the book and held it outward in order
to read more comfortably. In the school setting, some children held
their heads downward over the book on the desk but others held
the book upright or partially upright on the desk, allowing them
to reduce the tilt of their heads. Thus, there was no difference in
the mean head tilt for the armchair and desk reading conditions.
Overall 34% of the children liked to hold their reading materials
erect on the desk. For grade 3, almost 80% of them held the book
erect. That is why there is so little overall difference in head tilt
in the desk compared to the armchair setting. For each child, the
greatest angle of head tilt is found in the combined reading/writing
task. In this condition, some children lower their head even more
toward the book plane and occasionally onto their arms. So the
amount of head tilt varies greatly in the transition from reading
at the desk to the reading/writing task. The head tilt is greatest
for the older children who had to stoop their shoulders and heads
further forward to get their face close to the page. Head tilt also has
the tendency to increase with smaller font sizes. This helps account
for the correlation between reading distance and the angle of head
tilt, especially in the two tasks at the desk.
The present eye gaze result differs from some previous research
(Hill, Han, & Thorn, 2005) probably because the children moved
their heads more naturally in the present study. In fact, eye gaze
position is relatively constant across subjects and settings. The
variations in eye gaze position are primarily involved in counter-
acting forward head tilt. This is especially evident in the reading/
writing task, in which the angle of eye gaze decreases because
the children have to look up slightly to compensate for their exag-
gerated head tilts.
4.5. Reading speed
Reading speed varies greatly among children. In general, read-
ing speed is faster at a desk than in the armchair. This is not sur-
prising since most schoolchildren normally read at a desk or
table at home as well as in school. The relaxed armchair setting
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do not ascribe the faster reading speed to the nearer reading dis-
tance in the desk setting because reading distance and reading
speed are positively correlated in this setting. Several factors may
be related to this finding such as the fact that we expect accommo-
dative lag and variability to be reduced with a longer viewing dis-
tance, allowing for clearer and more consistent retinal images
(Harb, Thorn, & Troilo, 2006).
Reading speed was consistently faster with the 9 pt font than
with the 14 pt font. This is surprising because these children nor-
mally have 14 pt text in their school books, so 14 pt reading mate-
rial is more familiar to them. Many researchers have shown that
when the size of Western text becomes large enough to reach a
maximum reading speed, increasingly larger text is read at this
same maximum speed and then reading speed declines with a fur-
ther increase in text size (Legge, 2006; Legge et al., 1985). A poten-
tial artifact in our study must be considered when relating font size
to reading speed. We filled the same amount of each page with text
for each font size. This means that there is more text per page for
the small font than the large font and therefore more page turning
is needed to read a certain number of words in the larger font. On
average the words/page for 9, 12 and 14 point font are 581, 356,
and 249 words. We think this factor is relatively minor compared
to the faster reading speed we found with the smallest font size.
The very close reading distance of these children may paradox-
ically account for both the fact that greater reading distance and
smaller text size are associated with faster reading speed, even
though individually these two factors are negatively related to
each other. At these close distances the retinal size of the fonts is
much larger than would be expected based on standardized read-
ing distances of 33 cm or 40 cm. If the children’s retinal image sizes
are almost twice the expected size because of the near distance,
then the children’s visual span may be the limiting factor. Several
studies have convincingly argued that the visual span (the distance
across the retina within which text can be recognized), not visual
acuity or letter crowding, is the visual factor that most strongly
influences reading speed (Kwon, Legge, & Dubbels, 2007; Legge,
2006; Legge & Bigelow, 2011; Legge, Mansfield, & Chung, 2001;
Legge et al., 1997, 2007). Kwon, Legge, and Dubbels (2007) have
shown in detail that the visual span changes in children as a func-
tion of age. The 14 pt font’s retinal image is so large at the chil-
dren’s very close reading distances that when we place it on
Kwon et al.’s visual span function it is located on the downward
slope of the function, representing a slower reading speed due to
the limits of the child’s visual span for reading. On the other hand,
the 9 pt font is located at the peak of the visual span function when
viewed at these close reading distances.
Note that studies using very different paradigms have also dem-
onstrated crowding in the central visual field of children between 4
and 10 years of age (Fern et al., 1986; Hohmann & Haase, 1982;
Manny, Fern, & Loshin, 1987; Thorn, 1987). This crowding is only
measureable when letters are packed together as they are in typi-
cal text. Then the visual acuity of most children is decreased by this
crowding. By 11 years of age children have matured out of this cen-
tral visual field crowding.4.6. Reading concentration
We have not tried to formally measure attention or concentra-
tion in this study but the response of the children to the reading
tasks we provided requires that we allude to this issue. The young
Chinese schoolchildren normally read and write at a desk or table
and hover so close and intensely over the reading task that the
situation encompasses all the attributes that researchers have
associated with reading-related stress and aesthenopia (Birnbaum,1993). Our children did not complain of stress or discomfort but
we did nothing to encourage such complaints.
This reading behavior also epitomizes the conditions that some
authors have hypothesized can lead to myopia but in a more exag-
gerated form than even these authors have imagined (Gwiazda
et al., 1995: Gwiazda, Thorn, & Held, 2005; Ip et al., 2008). These
ultraclose reading distances would be expected to elicit large
accommodative lags in all children. Several authors have hypothe-
sized that the hyperopic defocus due to large accommodative lags
could induce myopia in some children. We intend to follow up on
the children in this study to identify which ones become myopic in
the future and to examine the reading behavior of children who are
already myopic.
5. Conclusion
Chinese schoolchildren usually read at a desk at very close dis-
tances. This is especially true for the youngest children. Their faces
are thrust even closer to the text when combining writing with the
reading task. They read faster at a desk than when relaxed in an
armchair where the text is further from the face. Yet within a given
setting the children who read at a greater distance read faster.
Near reading distance is considered to be a risk factor for aes-
thenopia, fatigue when reading, and myopia. The behavior of the
children in the present study maximizes the conditions for these
problems. Therefore, it seems prudent to encourage children to
read in a more relaxed setting and to use lower desk heights for
younger children. It would be worthwhile to teach the children
to read using longer viewing distances but it is difficult to change
this habit. Finally, near testing during ophthalmic examination
should be performed at 25 cm for schoolchildren and perhaps even
20 cm for the youngest schoolchildren since these are the near dis-
tances they actually experience when reading.
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